Introduction {#Sec1}
============

The outbreak of COVID-19 in Italy has recently become a public health emergency of international concern. Northern regions were the most affected with 67,931 positive cases and 12,579 deaths in Lombardy \[[@CR1], [@CR2]\]. The province of Bergamo was one of the most damaged, with a rapid increase of positive cases in a very short period \[[@CR3]\].

Bergamo's hospitals had to face a tremendous overload of patients in the Emergency Department. The unpredictable influx of patients determined a deep crisis in personnel, beds, and devices. The facilities were not prepared for such a dramatic event. Humanitas Gavazzeni gave its maximum effort in order to assure the best assistance by implementing the ICU beds, by transforming the normal wards in COVID 19 structures, and by organizing new protocols according to the international WHO recommendations for the pandemic management considering of a lack of validated protocols of specific treatment. It should also be considered that it was not possible to transfer any acute patients to other hospitals due to the spread of the same crises in the other structures of the healthcare system.

A total of 1022 COVID positive patients referred to the Emergency Department: 714 were admitted into the hospital (COVID department and ICU) with respiratory disease and a wide spectrum of clinical manifestations, 236 were discharged at home with therapy prescriptions and daily follow-up, and 72 were observed and treated in a section of the Emergency Department (Acute Admission Unit Level II, AAUL-2) and died before admission.

Within the period of the maximum peak of endemic, 274 fatal cases were registered: 202 hospitalized patients and 72 patients accepted in AAUL-2.

This paper analyzes retrospectively the characteristics of deceased patients and describes the different distributions of parameters of severity of disease between two groups (those dead inside the hospital and those in AAUL-2).

Methods {#Sec2}
=======

We retrospectively evaluated the records of all patients referred to Humanitas Gavazzeni between February 25 and March 26, 2020, during the peak of pandemic. In that period, overall 1812 patients referred to the Emergency Department with different diseases, including COVID pathology. A team of experienced intensivists and anesthesiologists detected 1022 COVID-19 positive patients. Their clinical status was evaluated according to the severity of disease, oxygen desaturation, fever, respiratory symptoms, radiologic imaging and paying attention to several indices of risk \[[@CR4]--[@CR7]\].

The admitted cases with clinical diagnosis of COVID-19 were confirmed by radiology and/or laboratory tests (nasopharyngeal swab). All patients showed severe disease, mainly characterized by persistent fever (\> 39 °C), recent worsening dyspnea, cough, and various flu-like symptoms.

The aim of this study was the evaluation of fatal events registered within the considered period. Overall 274 patients died: 202 patients into the COVID-19 department and ICU and 72 in AAUL-2.

We analyzed the data registered at patient presentation: age and sex, physiological and laboratory parameters, symptoms, and presence of comorbidities (cardiovascular diseases, respiratory diseases, arterial hypertension, diabetes, oncological diseases, chronic renal failure, neurological diseases, smoking, and others). We calculated also the Chronic Health Evaluation II (Apache II) \[[@CR8]\] score and the Glasgow Coma Score (GCS), as indicators of risk of death, considering the measures obtained within 24 h from the patients' admission. The informed consent for the scientific utilization and publications of data related to the disease was obtained by the patients at their admission according to the Rules of Humanitas Gavazzeni COVID-19 Emergency Department. This retrospective study was notified to the ICH Ethical Committee (Rozzano-Milano).

Statistical Methods {#Sec3}
===================

Basic demographic characteristics were described by common statistical summary measures (frequencies and proportion for categorical data, mean and standard deviation for continuous variables).

The association between these characteristics and the site of hospitalization, assessed by univariate and multivariate logistic model, were measured with the odds ratio (OR) and 95% CI for each factor.

Results {#Sec4}
=======

The reported analysis did not consider the type of treatments administered to the patients, because of the various changes that occurred over the time. In fact, the therapy of COVID19 patients has undergone revisions in a very short time, due to the subsequent indications and experiences in the national and international centers.

All patients who died (72) in AAUL-2 received oxygen therapy and current supportive care, while hospitalized patients (714) received different combinations of treatments according to the protocols discussed within the internal steering committee for COVID-19. In addition, 236 patients were discharged with oxygen desaturation of ≥ 92% and treated at home with daily follow-up (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1The graph shows 1022 COVID positive patients admitted to the Emergency Department during the peak of the pandemic (25 February to 26 March 2020), divided into those who were hospitalized in the COVID department and ICU (green), those who were discharged with home treatment and daily follow-ups (orange), and those who died in AAUL-2 before the hospitalization (light blue)

We analyzed the distribution of the most important physiological and laboratory parameters in the dead patients (274), split into those who died in AAUL-2 (72) and those who died inside the hospital (202). Mean, CI (95%), and *p* value have been reported (Table [1](#Tab1){ref-type="table"}, Fig. [2](#Fig2){ref-type="fig"}).Table 1Patients characteristics at baseline, sign, and symptomsGroups of patientsAAUL-2 (*N* = 72)COVID department ICU (*N* = 202)TOTAL (*N* = 274)*p* Value for association logistic modelMeanStd.MeanStd.MeanStd.AGE81.67.577.18.478.38.40.899Apache score21.06.714.24.216.05.8\< 0.001GCS11.14.314.61.013.72.8\< 0.001T37.60.837.90.937.80.90.017PAM83.019.493.116.790.518.0\< 0.001Pulse rate95.621.392.818.793.519.40.283Resp. rate24.06.921.14.721.95.5\< 0.001Creatininemia2.11.51.51.01.71.2\< 0.001Sodiemia137.27.5135.75.6136.16.20.068Kaliemia4.10.74.00.64.00.70.313GB9.95.28.24.08.64.40.006HCT38.85.739.25.439.15.50.606PCR23.410.717.49.118.99.8\< 0.001pH7.40.17.50.07.50.1\< 0.001pO245.419.550.814.449.416.00.015*N*%*N*%*N*%Gender male5475.015375.720775.5− 899Iskemia2940.36934.29835.80.353Arrhythmia1419.44120.35520.1.877Respiratory1622.24120.35720.8.730Hypertension5170.812762.917865.0.225Diabetes1723.64321.36021.9.682Oncologic1216.72411.93613.1.304Renal79.72110.42810.2.871Neurologic1318.13115.34416.1.591Other1825.07034.78832.1.132Smoking history912.5178.4269.5\<.001Temperature6184.718491.124589.4.136Dyspnea6793.117084.223786.5.605GI45.6105.0145.1.841Cough2940.36130.29032.8.119Myalgia45.673.5114.0.442Astenia2230.62512.44717.2\<.001Headache10.510.4.988Chest pain11.452.562.2.594Syncope22.894.5114.0.538Fig. 2The graph shows 1022 (100%) COVID positive patients admitted during the peak of the pandemic (25 February to 26 March 2020), divided into those who died in the COVID department and ICU (red), those who died in AAUL-2 (light blue), and those who survived (orange)

The majority of cases was represented by males 207 (75.5%), while only 67 (24.5%) were females. The distribution of males and females was not different between groups; males represented 75% in both.

The distribution of comorbidities (cardiovascular diseases, respiratory diseases, arterial hypertension, diabetes, oncological diseases, chronic renal failure, neurological disease, smoking history) was very similar between the two groups of patients. We were not able to collect information about comorbidities in all patients. In the group with fatal events in AAUL-2 was registered a higher percentage of patients with \> 3 comorbidities (38 patients, 55.1%) than in the group admitted to the COVID department and ICU (84 patients, 43.1%) (Table [2](#Tab2){ref-type="table"}).Table 2Number of comorbiditiesAAUL-2 (*N* = 69)COVID department ICU (*N* = 175)*n* (%)*n* (%)06 (8.69%)21 (10.77%)110 (14.49%)39 (20.00%)215 (21.74%)51 (26.15%)3 or more38 (55.07%)84 (43.08%)

There is evidence that there is a clear difference between the two groups of patients died in AAUL-2 and in the COVID department. A great statistical difference was observed in nearly all physiological and laboratory parameters. The age that is known as an important prognostic factor was considered in the evaluation of the Apache II score. A high difference for Apache II score and GCS that are currently used as index of severity of disease was observed between the two groups.

Patients who were treated in AAUL-2 had a fatal event within 48 h (median 1 day, range 0--2), while patients admitted in the COVID department or in ICU died within 24 days (median 6 days, range 0--24).

The multivariate analysis applied to the physiological and laboratory parameters, the symptoms, and the scores of severity of the disease was able to differentiate patients who died in AAUL-2 and those in the COVID department or in the ICU for the following indicators: asthenia, smoking history, Apache score, GCS, mean arterial pressure, pH, and CRP (Table [3](#Tab3){ref-type="table"}).Table 3Association with AAUL-2 and COVID department ICU multivariate analysisVariableReference levelOdds ratioLower 95%CLUpper 95%CLWald test: *p* valueAstheniaYes3.8071.41810.2190.008Smoking historyYes4.7221.49314.9350.008Apache scoreContinuous1.1661.0541.2890.003GCSContinuous0.6330.4740.8470.002PAMContinuous0.9710.9450.9980.033PHContinuous\< 0.001\< 0.0010.5680.035CRPContinuous1.0611.0141.1100.010

Discussion and Conclusion {#Sec5}
=========================

This retrospective study reports the experience of the Emergency Department of Humanitas Gavazzeni in Bergamo during the peak of the COVID-19 pandemic.

The epidemiological and clinical characteristics of COVID 19 patients, with the pronominal symptoms and the main comorbidities, were described in the recent paper by Kaur et al \[[@CR8]\].

Given the mortality rate of COVID-19, physicians should be aware of the potential risk factors associated with fatal outcome \[[@CR9]--[@CR14]\]. These have been described in the recent literature, however, due to the high rate of mortality observed in our Emergency Department, which is 274 out of 1022 (26.8%); we wanted to focus our attention on our deceased patients in that period (25 February to 26 March 2020). This high rate of death is based both on the severity of this viral-induced disease that progresses rapidly into severe acute respiratory failure and on the tremendous unexpected overload of patients referring to ED. Of course, our structure made its maximum effort to face the situation. Facilities, devices, and personnel were implemented in order to guarantee patients the best assistance as possible. In spite of the lack of validated protocols able to cure these unknown viral infections, physicians optimized the patient's management in order to provide rational treatments able to control their symptoms. In fact, some of them, in spite of extremely severe conditions, were successfully discharged thanks to the intensive care received \[[@CR15]\].

This was done according to the WHO recommendation for endemic, the international literature on COVID-19, and the current indications of the scientific societies \[[@CR16]--[@CR19]\].

We analyzed the most important risk factors able to characterize the dead population, and we observed that some of them resulted very important such as age, oxygen desaturation, pH, CRP, and comorbidities as it was reported by the recent literature \[[@CR20]\]. We found also significant differences between 202 patients deceased in COVID department (including ICU) and 72 patients who died in the Acute Admission Unit Level II (AAUL-2). Factors that were able to characterize the difference between these two groups were asthenia, smoking history, Apache score, GCS, mean arterial pressure, pH, and CRP. In particular, the Apache II score (including age for its calculation) was higher in the group died in AAUL-2, while GCS was lower. Patients deceased in AAUL-2 resulted in the worst conditions in comparison with patients who died in the ICU and in COVID-19 department, and their prognostic parameters reflect the situation. All patients received the correct therapy with respect to their clinical status and according to the internal protocols. Patients who were critically ill received palliation and oxygen therapy.

In conclusion this paper reports the most important factors of mortality risk, retrospectively calculated in 1002 patients treated at the ED of Humanitas Gavazzeni Bergamo, in the period 25 February to 26 March 2020 corresponding to the peak of the COVID-19 pandemic in our region. These results were obtained from our experience in a critical situation of emergency and through a monocentric study. They represent a further contribution to the knowledge on the factors that affect the risk of mortality from COVID-19, and in general, they do not differ from the experiences described in similar situations in other parts of the world.
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